We demonstrate a laser cavity which can output dual-wavelength mode-locked fiber laser and wavelength tunable mode-locked fiber laser by using short length Lyot-filter. The dualwavelength output centers at 1540 nm and 1564 nm and the tunable range of the single-wavelength mode-locked laser is from 1532 nm to 1564 nm.
Introduction
Dual-wavelength mode-locked fiber laser has attracted more and more attention for the applications in dual-comb laser source, micro-wave and Terahertz wave generation [1] . Among all the techniques to be utilized to generate dualwavelength mode-locked fiber laser, the comb filters such as Lyot-filter are common techniques [2] [3] . However, for the narrow free spectrum range (FSR) induced by comb filters, broad-band dual-wavelength mode-locked laser is hard to be obtained. The FSR of Lyot-filter is inversely proportional to the product of the length and the birefringence of the birefringent fiber. In order to form a broad FSR Lyot-filter, using low-birefringence fiber such as bending singlemode fiber or short length polarization maintaining fiber (PMF) can be proposed. Compared with using long length low-birefringence fiber [4] , short length PMF is potential to achieve higher repetition rate laser output.
In this report, by choosing 23-cm long PMF to form a short length Lyot-filter, dual-wavelength mode-locked fiber laser which is locating at 1540 and 1564 nm can be obtained. In addition, because the birefringence of the polarization controller (PC) can be tuned by rotating, FSR of the Lyot-filter can be changed slightly. Therefore, wavelength tunable mode-locked fiber laser ranging from 1532 nm to 1564 nm can be achieved.
Experiments
The FSR of the Lyot-filter can be calculated to be:
Where " is the central wavelength, & ' and ) *+, are the birefringence and length of the birefringent fiber, respectively. In order to achieve a broad spacing transmission, 23-cm PMF is chosen in our experiment. The schematic setup of the ring-cavity laser is shown in Fig. 1 . The laser cavity is composed of a 980 nm pump laser diode, a 980/1550 wavelength-division multiplexer (WDM) coupler, a 5 m-long EDF, a polarization insensitive isolator (PI-ISO), a 0.71 dB loss carbon nanotube (CNT), a short length Lyot-filter which consists 23-cm long PMF, a fiber-loop type PC and a polarizer, a 20/80 optical coupler (OC) and a 13 m-long SMF. The total cavity length is about 30 m. Here, the CNT is utilized as saturable absorber material to get mode-locked fiber laser and the short length Lyot-filter plays the role of wavelength selector.
By adjusting the PC, mode-locked and wavelength tunable mode-locked fiber laser can be obtained. The output spectra of dual-wavelength mode-locked fiber laser are shown in Fig. 2 (a) . A top-flat band-pass filter was used to filter out one of these two wavelengths. The autocorrelation traces of pulse at 1540 nm and pulse at 1564 nm are shown in Fig, 2 (b) and (c) . The pulse-widths of the pulse at 1540 nm and pulse at 1564 are 0.58 ps and 0.90 ps, corresponding to the time-bandwidth product of 0.440 and 0.442, respectively. It indicates that the pulses are nearly transform-limited pulses. The wavelength tunable mode-locked fiber laser ranging from 1532 nm to 1564 nm can be obtained by adjusting the PC. Because the squeezing and twisting of the fiber inside the PC can bring some birefringence, which can be tuned a little by adjusting the PC states [5] . The birefringence of the PC can attribute to the total birefringence of the Lyot-filter. Therefore, the FSR of the Lyot-filter can be tuned, which changes the transmission peak positions. Fig. 3 . Output spectra of wavelength tunable single-wavelength mode-locked fiber laser
Conclusion
In conclusion, by utilizing 23-cm long PMF to form a short length Lyot-filter in the laser cavity, dual-wavelength mode-locked and wavelength tunable mode-locked fiber laser ranging from 1532 to 1564 nm can be obtained by adjusting the PC. The central wavelengths of dual-wavelength mode-locked fiber laser are 1540 and 1564 nm. It is potentially to be used in dual-comb spectroscopy and wavelength tunable applications.
